Experimental Procedures

General Methods
Reactions were carried out in ordinary glassware and chemicals were used as purchased from commercial suppliers without further purification. Organic reactions were monitored by TLC on Silica Gel 60 F254 plates and detected with UV lamp (254 nm); organic compounds were purified using automated flash chromatography equipped with a UV detector (254 nm) and prepacked silica columns. NMR spectra were obtained on spectrometers operating at 300.13 or 600. 13 MHz for 1 H, 242.93 MHz for 31 P, and 150.92 MHz for 13 C nuclei. The CD spectra were recorded on a JASCO J-810 spectropolarimeter equipped with Peltier thermostat. UV-Vis spectra were recorded on Varian Cary 50 spectrophotometer. FT-IR spectra were recorded on a Bruker Alpha-T FT-IR spectrometer using a Specac cell for liquid samples with 0.050 mm path length and CaF 2 windows. X-ray data was collected on a XtaLAB Synergy, Dualflex, HyPix diffractometer using Cu radiation and at the temperature of 100 K. The crystals diffracted rather weakly so the long exposures of 115 seconds were used. The data collection was further complicated by crystal twinning. The data collection and refinement parameters are given in Table S 4. Using Olex2, 1 the structure was solved with the ShelXS 2 structure solution program using Direct Methods and refined with the ShelXL 3 refinement package using Least Squares minimisation. Bulk solvent correction was used in the refinement because of the significant portion of the unit cell is occupied by disordered solvent (2690 Å 3 , Figure  S 46 ). 4 The data have been deposited at the Cambridge Crystallographic Data Centre under the following deposition number, CCDC 1564071. For details on DFT calculations see the "DFT Calculations" section.
Synthetic Procedures
Ligand synthesis and characterisation (1a-c) was done according to the literature procedure, and published elsewhere. 5 Synthesis of 2a Bis-(acetonitrile)dichloropalladium (8.25 mg, 31.8 μmol) and 1a (43.38 mg, 67.5 μmol) were dissolved in 4 mL of dichloromethane with 0.5 mL of methanol and left at room temperature overnight. The solvent was evaporated and a solid orange-yellow product was obtained in quantitative yield (by NMR). 1 
Synthesis of 2b
Bis-(acetonitrile)dichloropalladium (10.27 mg, 39.6 μmol) and 1b (55.72 mg, 82.8 μmol) were dissolved in 6 mL of dichloromethane, sonicated for 3 min, and left at room temperature overnight. The solvent was evaporated and a solid orange product was obtained in quantitative yield (by NMR). 1 Figure S 34. Time-dependant reduction of the couplet intensity (left) of 2a, in 1,2-dichloroethane at two concentrations, upon heating for 3.5 min at 70 °C. The measurement was started immediately after putting a cuvette in a preheated Peltier thermostat. After 3 min, the couplet almost completely vanished at lower concentration, but was only halved at higher concentration, indicating different equilibrium at 70 °C. Time-dependant increase of the couplet intensity (middle) at 25 °C, after heating for 3.5 min at 70 °C (subsequently cooled in a water flow for 2 min, and then thermostated at 25 °C), shows dimer reassembly process. CD spectra before and after heating and standing at RT for 3 days (right). Almost complete reassembly is visible at higher concentration. At lower concentration, approximately 1/2 of the complex is in a dimeric form (concluded from the linear relationship of the couplet intensity with concentration). Figure S 41. CD spectra of 2a, 2c, and mixture thereof (1 cm quivet). The mixed spectrum is the superposition of pure 2a and 2c solutions indicating that the species act independently in solution.
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Results and Discussion
NMR Measurements
DFT Calculations
As mentioned in the main text, the crystal structure of phenylalanine dimer has not been determined. Therefore, in preparing of initial structures for DFT calculations we relied on educated guess approach and exploited the data from 2D NMR spectrum. Namely, in building of initial structures, we tend to maximize the number of intermolecular H-bonds and π-π stacking interactions which are the driving forces for dimerization process. Several initial structures that were generated by this approach are optimized in gas phase using semiempirical PM6 10 model. Selected lowest energy structures are optimized in the chloroform and acetonitrile solution utilizing SMD/M062X/6-31G(d,p),Def2-TZVP theoretical model. 11, 12 Symmetry constraints are not imposed during optimization, however, tight geometry convergence criteria, and more accurate numerical integration grid (grid=ultrafine) are used. Although geometry optimization was performed without symmetry constraints, all dimeric structures of 2a resembles near D2 symmetry. Vibrational analysis has been done for all structures to confirm that they are minima on the potential energy surface. Calculation of dimerization free energy and free energy difference between diastereomers is carried out at the SMD/M062X/6-311++G(3df,2p),Def2-TZVP//SMD/M062X/6-31G(d,p),Def2-TZVP level. Calculation of UV-VIS and CD spectra is performed utilizing time-dependent density functional theory (TDDFT) with the SMD/CAM-B3LYP 13 exchange correlation functional along with 6-31G(d,p),Def2-TZVP basis sets on solution phase geometry of chloroform solution. All calculations have been performed with the Gaussian 09 program package. 14 The structure of 2a dimer in chloroform solution is presented in man text of the manuscript (Figure 7 ) whereas diastereomer of 2a is presented on Figure  S 42a,b. Calculated and experimental UV/VIS spectra are presented on Figure 8 of the main text. The maximum absorbance on calculated CD spectra corresponds to a wavelength of 322 nm. This is somewhat lower than the maximum absorption wavelength in experimental spectra (≈344 nm) but still in a good agreement with it. The absorption UV/VIS spectra of 2a monomer exhibits maximal absorption at 321.5 nm, which correspond to HOMO-2 -> LUMO transition (orbitals are presented on Figure S 43 ). When two monomers of 2a are brought into close spatial proximity to form a 2a dimer, the CD spectra exhibits typical characteristic of an exciton coupled systems or Davydov splitting ( Figure 8 and Figure S 42c ). The experimental and calculated spectra are in a good agreement, particularly related to the assignment of absolute configuration (P-helical chirality). In Scheme 2 of the main text we proposed different cis-trans equilibria that could lead to a formation of dimer 2a.
To find out what could be the driving force for dimer formation in chloroform and absence of corresponding dimerization in acetonitrile, we compared the stability of cis and trans isomers of monomer 2a in both, acetonitrile and chloroform solution. Further we calculated the dimerization free energy in both solvents. Results are presented in Table S 3. It appears that cis isomer is more stable in both solvents. However, cis isomer exhibits substantially greater stability in acetonitrile than in chloroform solution. Calculated dimerization free energy in chloroform of -52.7 kJ mol -1 imply that process is exergonic, whereas in acetonitrile solution the dimerization free energy is positive (25.5 kJ mol -1 ) indicating that formation of dimer is energetically unfavourable, which is in agreement with experimental findings. 
X-ray Measurements
We were able to obtain single crystals of 2a in two separate experiments: 1) diethyl-ether vapour diffusion into dichloromethane solution of 2a at 4 °C; 2) slow evaporation of deuterochloroform solution of 2a at room temperature. In both cases, two polymorphs were obtained -hexagonal plates and thin needles. The size and the appearance of the crystals were satisfactory, however unfortunately, we were not able to collect the single crystal data due to the extremely poor diffraction thereof. Single crystals of cis-2c were obtained from acetonitrile solution. 
